P erioPerative surgical site infections (SSIs) after pediatric spine fusion are well-described complications with rates ranging from 0.5% to 1.6% in idiopathic scoliosis to 3.7% to 8.5% in combined idiopathic and nonidiopathic scoliosis series. 4, 12, [14] [15] [16] 21 Some patient cohorts are at an increased risk for SSIs after spinal fusion; SSI rates for patients with spinal dysraphism range from 8% to 41.7%, and for those with cerebral palsy range from 6.1% to 15.2%. 1, 2, 6, 9, 17, 19, 20 Surgical site infections impart a tremendous burden on the health and well-being of patients and their families and bear a significant cost to the health care system 8 and to the individual health care provider as future reimbursement practices in the US health care system incorporate pay-for-performance measures and attempt to link patient outcomes to provider payments.
Methods

Study Setting
The Texas Children's Hospital Spine Study Group is a collaboration of pediatric neurosurgeons and pediatric orthopedic surgeons conducting systematic investigations in the management and treatment of pediatric spinal disorders. In an effort to reduce the risk of postoperative wound infections after instrumented spine fusions, members of this study group adopted a quality improvement methodology. Prior to implementation of this standardized protocol, individual surgeons used a variety of perioperative techniques to try to prevent infection; there was substantial variation from one surgeon to another. The study group agreed to develop a standardized multistep protocol to try to reduce the infection rate across our institution.
Quality Improvement Protocol Development and Implementation
The protocol was developed by Texas Children's Hospital Spine Study Group members using the current literature 7, 21 and prior institutional experience ( Fig.  1 ). The protocol steps were discussed during bimonthly meetings. The details were revised until consensus was obtained. The protocol was reviewed by representatives from the Texas Children's Hospital Infection Control Service, Department of Pharmacy, and the neurosurgical and orthopedic operating rooms. The protocol was instituted with the approval of the institutional review board and the Department of Surgery Office of Quality and Patient Safety, and the data were collected locally.
Entry Criteria
All children at our institution were entered into the study when they underwent spine fusion with instrumentation or revision surgery with instrumentation in place. Patients whose first presentation was with wound infection were entered into the study after their infections were treated.
Procedures were classified as initial or revision surgery. Patient diagnoses were grouped as idiopathic, congenital, or neuromuscular spinal deformity, or degenerative spine disease, tumor, or trauma. Other operative data, such as region of the spine where surgery was performed, length of surgery, type of bone graft, estimated blood loss, and number of people in the operating room, were recorded. All repeated procedures of any type were recorded. 
Outcome Variable
Patients were evaluated for infection at the time of routine clinical follow-up, emergency room visits, or hospital admission. Evaluation followed the surgeon's usual clinical practice. The primary end point for the study was the Scoliosis Research Society definition of acute infection: positive wound cultures within 12 weeks of surgery. 3 
Data Collection
For protocol compliance, a flow sheet outlining the steps was used for data collection (Fig. 1) . The surgeon or designated member of the operative team was responsible for completing the data collection form. A full-time research coordinator collected the data prospectively and entered them into our database. Compliance with each step was recorded.
Data Analysis
Data were stored locally and then aggregated for this analysis. Data on infection rates after instrumented spine fusion prior to application of the protocol were obtained from hospital infection control records (Fig. 2) .
Statistical analysis was performed using commercially available software (SPSS version 17.0, SAS version 9.2); p values were computed using the standard 2-tailed Fisher exact test. Control charts were created with QI Charts (version 2.0), an add-in for Microsoft Excel.
Results
Nine surgeons as part of the Texas Children's Hospital Spine Service performed 267 instrumented spine fusions using the protocol from August 21, 2012, to September 30, 2013. For this analysis, follow-up monitoring closed on December 31, 2013, following the 12-week period for acute infection. One hundred sixty-eight (62.9%) of the 267 data collection forms were available for analysis. The monthly compliance for completion of the data collection form ranged from 38% to 89% (mean 63.7%) (Fig.  3) . Compliance with protocol steps is outlined in Table 1 .
One hundred sixty-eight procedures were performed in 162 children. The mean age at surgery was 13.8 years and 5.7 months (range 1 year and 11 months to 23 years and 1 month). The most common procedure type was ini tial spine fusion (78.4%) followed by revision surgery (21.6%). Diagnoses at the time of surgery included idiopathic (39.8%), congenital (21.9%), and neuromuscular spinal deformities (18.0%), followed by degenerative processes (2.3%), trauma (15.6%), and tumor (2.4%). Surgery was performed on the cervical spine (21.7% of cases), thoracic spine (18.3%), lumbar spine (7.5%), cervical and thoracic spine (1.3%), thoracic and lumbar spine (34.7%), lumbar and sacral spine (4.7%), thoracic spine to pelvis (10.9%), and lumbar spine to pelvis (0.6%). The length of surgery was less than 2 hours (8.4%), 2-4 hours (52.4%), 4-6 hours (21.7%), 6-8 hours (15.3%), and longer than 8 hours (2%). Allograft alone was used in 19.5% of cases. Autograft alone was used in 8.3% of cases. A combination of allograft and autograft was used in 72.2% of cases. Bone morphogenetic protein was used in 35.3% of cases. The mean estimated blood loss was 475.2 ml (range 5-2700 ml).
The total number of personnel in the operating room at the time of surgery ranged from 5 to 29 people (mean 12 people). Infection occurred after 6 (2.2%) of the 267 procedures (Fig. 4, Table 2 ); data collection forms were not completed in 4 of these 6 cases of infection.
Each surgeon performed between 1 and 87 procedures. Surgeon-specific infection rates varied (0%-9.38%) and did not appear to correlate with surgeon procedure volume (Table 3) . However, it is interesting to note that 2 of the 4 surgeons whose patients experienced infection * OR = operating room; PRN = when necessary. † A Betadine soak is defined by Cheng et al. 5 as: soaking the surgical wound with dilute povidone-iodine solution for 3 minutes using commercially available Betadine solution that has a concentration of 10% povidoneiodine (100 mg of povidone-iodine per 1 ml of solution). The wound is then irrigated with normal saline (2000 ml) after the Betadine solution irrigation. had the lowest compliance rates of data form completion in our study group. The institution-wide infection rate while the protocol was in place (2.2%) was significantly lower (p = 0.0362) than the preprotocol infection rate of 3.4%-8.9%. This represents an absolute risk reduction of 3.6% and a relative risk reduction of 59%.
Case Study
Preprotocol and postprotocol data were available for Surgeon E. Surgeon E experienced 7 cases of infections in 6 different patients in his first 107 instrumented spine fusions (6.5%), from Figure 5 demonstrates a T-chartdays between infections-for Surgeon E before and after utilizing the standardized protocol.
Discussion
Surgical site infections are complications of instrumented spine fusion procedures in pediatric patients. These infections impose a heavy burden on the health and well-being of affected children and their families. Financial costs of SSIs are also substantial, and estimates range from $26,977 to $961,722 due to hospital readmissions and repeat surgeries. 11 Therefore, there is an increasing interest in decreasing SSI rates in pediatric spine surgery through the implementation of quality improvement strategies.
As in so many areas of clinical medicine, available literature in this area lacks the methodological rigor to alone support a practical and useful clinical practice guideline. 22 Nonetheless, significant documented unexplained variation in current clinical practice in the approach to SSIs after instrumented spine fusion procedures in pediatric patients demands due attention. 7 Within our institution, application of a standardized protocol for 267 instrumented spine fusion procedures in the pediatric age group reduced the infection rate from 3.4%-8.9% to 2.2% (p = 0.0362). These infection rates both before and after institution of the protocol are similar to those reported in the literature.
The overall compliance of 63.7% compares favorably with other multistep protocols. In the WHO surgical checklist study, 10 compliance with 6 of 19 steps was recorded and full compliance occurred in 34.2% of patients at baseline and rose to 56.7% after implementation of the protocol. Higher rates of compliance (82% and 84%, respectively) were noted in the National Association of Children's Hospitals and Related Institutions (NACHRI) study of central line infections 18 and the HCRN study on shunt infections (74.5%). 13 Future directions for our quality improvement project include a plan to refine the protocol to the smallest number of steps that appear to have an impact on infection; a shorter, more straightforward protocol is more likely to have higher compliance.
Limitations
The small absolute number of infections in our se- ries during the study period precluded logistic regression analysis or other statistical methods to identify risk factors. In 4 of the 6 infections, data collection forms were not completed; moreover, 2 of the 4 surgeons associated with postoperative wound infections had the lowest compliance rates in our study group. While it is tempting to conclude that compliance rate is inversely related to infection rate, we are unable to show this with meaningful statistical significance (Fig. 6 ).
Conclusions
The implementation of a standardized protocol for the prevention of SSIs after instrumented spine fusion procedures in children has had a number of advantages. We have reduced our institution-wide infection rate to 2.2%, sustained over a 13-month period. The protocol has established a common baseline at our institution that will facilitate assessment of new treatments in the future. We now have institution-specific data that will allow us to establish a "standard of care" and to identify outliers. It is not clear whether any of the specific steps within the protocol have been instrumental in reducing infection rate, or if it is the implementation of a standardized protocol decreasing unexplained clinical variation that has decreased infection rate. Simply providing surgeons with their own data may improve protocol adherence and further reduce infection rates. Observation of surgeons with very low infection rates may allow us to identify protocol and nonprotocol factors that could be added to the protocol in the near future.
